The clinicopathological features of a previously unrecognised type of acute encephalopathy prevalent among Japanese children is described by reviewing the records of 13 consecutive patients treated and 28 previously reported cases. 
Abstract
The clinicopathological features of a previously unrecognised type of acute encephalopathy prevalent among Japanese children is described by reviewing the records of 13 consecutive patients treated and 28 previously reported cases. The hallmark of this encephalopathy, proposed to be a novel entity termed acute necrotising encephalopathy of childhood, is multiple, necrotic brain lesions showing a symmetric distribution. The encephalopathy was noted in previously healthy children after respiratory tract infections, with presenting symptoms of coma, convulsions, vomiting, hyperpyrexia, and hepatomegaly. Laboratory examinations disclosed liver dysfunction, uraemia, and hypoproteinaemia. The histological appearance of the liver was variable and non-specific. Cerebrospinal fluid contained an increased amount of protein.
Computed tomography and MRI showed the presence of symmetrically distributed brain lesions of the thalamus, cerebral white matter, brainstem, and cerebellum. Necropsy examination confirmed extensive fresh necrosis of these regions with evidence of local breakdown of the blood-brain barrier. Based on the characteristic combination of clinical and pathological findings, acute necrotising encephalopathy of childhood can be distinguished from previously known encephalopathies, including Reye's syndrome.
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The introduction of CT into medical practice in the late 1 970s in Japan has led to the recognition of cases of an acute encephalopathy showing unique brain pathology, which is characterised by the presence of multifocal brain lesions in the bilateral thalamus, brainstem, tegmentum, and cerebellum.
The first case was reported in 1979, diagnosed as Reye's syndrome with unusual CT findings.' During 1983 to 1986, five cases encountered at one of our hospitals were reported, together with the suggestion that the condition may constitute a novel subtype of acute encephalopathy.24 These reports may have prompted subsequent reports of at least 28 cases noted at other institutions in Japan,5-25 although the identity of the disease has so far remained obscure.
To facilitate data acquisition, our institutions have conducted a collaborative study. This report presents the results of that study and a survey of the clinical, radiological, and pathological features of the disorder conducted in an effort to elucidate its identity as a novel disease entity, which we have designated by the term acute necrotising encephalopathy of childhood (ANE).
Patients and methods
From among patients with acute encephalopathy in childhood, we retrospectively selected those who met the following criteria: acute non-inflammatory encephalopathy with alteration in level of consciousness (CSF leucocyte count 8/mm3 or less); demonstration by CT of multifocal lesions symmetrically distributed in brain regions including the thalamus; and the absence of any other reasonable explanation for the cerebral abnormalities. Of the 13 such patients for whom records were retained at our hospitals (group A), five have been reported previously.2-4 Twenty eight additional patients at other institutions for whom sufficient acute stage data were available in the medical literature (group B) were also reviewed.5-25 The data for both groups are described together and combined for the calculation of percentages because of the relatively small sample size and the similarity between the two groups.
Results

BACKGROUND OF PATIENTS
All of the patients were Japanese children living in the central districts of Japan. The disease affected young children of both sexes, and 46% of the patients were between 6 and 18 months of age (table 1) . The onset of disease was most often in the winter (51 % in December-February). At four hospitals, successive admission of two to four patients was noted.'0 1221 Two such clusters, one in Sendai in December, 1985 , and the other on the outskirts of Tokyo in March-June, 1988,21 were associated with epidemics of influenza A.
The history was unremarkable in most of the patients, although a minority had mild growth and developmental retardation (16%) or somatic anomalies (16%), such as cleft palate with dysmorphic facies, ventricular Meningeal signs, abnormal involuntary movements, and focal neurological signs were absent, although in 23% of the patient's motor signs were more accentuated on one side than on the other. The disease reached its peak in the first few days. High fever lasted for two to five days. Systemic hypotension developed in the severe cases.6 13 18 Despite treatment, death occurred in 28% of the patients. In the surviving patients, the recovery of consciousness was first noted on the sixth to the 1 0th day. Although improvement of neural functions continued for several months, most patients had residual neurological sequelae, such as spastic tetraplegia with rigidity (63% of the survivors), severe mental delay (63%), and epileptic seizures (24%).5 In milder cases, there were focal signs such as hemiparesis (four patients),' 122 slurred or scanning speech, intention tremor, or ataxia, or both (four patients),'920 and abducens nerve palsy (one patient).'9 Compared with the motor signs, cognitive functions showed good recovery."'3 9 2122 Recurrence of acute episodes or subsequent further deterioration was not encountered during the follow up period.
LABORATORY FINDINGS
Biochemical examinations of blood on admission showed increases in serum aspartate aminotransferase (95%, range 56-11 480 IU/1), alanine aminotransferase (81%, range 10-12 300 IU/1), lactate dehydrogenase (87%), creatine kinase (48%), and blood urea nitrogen (90%), but not in creatinine (16%). Increased blood ammonia (6%) and total bilirubin (13%) were rare. The serum calcium concentration was slightly depressed (50%), and sodium was in the low normal range. There was no hypoglycaemia (3%). Metabolic acidosis of variable degree was present (88%). Increases in blood concentrations of lactate (19%; range 4-8-19-2 mg/dl) and pyruvate (38%; range 04-1-51 mg/dl) were occasional and slight.
During the first two days after admission, the biochemical abnormalities progressed. In 55% of the patients, hypoproteinaemia developed during this period,'0 to as low as 3-6 g/dl in the most severe case. In the surviving patients, the first evidence of normalisation of laboratory values was seen on the third to sixth day, and complete normalisation within three to five weeks.
Haematological examinations showed no rapid decrease in haemoglobin concentration (0%). In the acute period, low platelet count (50%), prolonged prothrombin time or partial thromboplastin time (38%), decreased fibrinogen (54%), and increased fibrin degradation products (57%) were detected in severe cases, although not to the degree that they fulfilled the criteria for disseminated intravascular coagulation. Serological examination Acute necrotising encephalopathy ofchildhood: a new syndrome presenting with multifocal, symmetric brain lesions showed positive C reactive protein (76%) and a modest increase of erythrocyte sedimentation rate (42%). During their stay in hospital significant increases in antibody titres for influenza A' 21 (five patients; 24%) and coxackie A9 (one patient) was detected. Rotavirus was isolated from the stool of two patients, and influenza B from the pharynx of two patients.6 Polymerase chain reaction analysis on the CSF of five patients failed to detect herpes virus DNA. Bacteriological studies of blood, CSF, and stool specimens yielded negative results. The findings for urine were unremarkable except for transient proteinuria (50%) and haematuria (33%). Serum and urine analysis of amino acids and organic acids disclosed no specific abnormalities (both 0%).7 014 Serum carnitine and urine acylcarnitine concentrations were normal (two patients).
Spinal tap disclosed high CSF pressure. Concentrations of protein (78%) and myelin basic protein (83%) in CSF were increased,202' 25 whereas CSF lactate and pyruvate concentrations were normal (0% and 17% respectively).7 21 25 During convalescence, all the CSF findings returned to normal.
ELECTROPHYSIOLOGICAL FINDINGS
The EEG at the acute stage was dominated by diffuse 1-6 Hz slow waves except in brain dead patients (100%). Paroxysmal activities were rare in the initial record (18%),"3 '4 but were common in the follow up EEG several weeks later. The auditory brainstem response was diminished or abolished (86%).7 18 
NEURORADIOLOGICAL FINDINGS
In all the patients, CT showed the presence of multiple low density areas in the brain (fig 1) .
The lesions were not seen in the two patients examined early in the lethargic state,' but were apparent within 12 hours after the onset of coma (100%). The brain was oedematous in most patients, but mild atrophy was noted in a few (table 2). The distribution of the hypodense lesions was almost symmetric and was similar in all the patients (table 2) . Supratentorial lesions included most of the thalamus, the posterior limb of the internal capsule, and the posterior part of the lenticular nucleus. The periventricular white matter of the cerebrum was also affected. Infratentorial lesions were distributed in the cerebellar medullary substance around the dentate nucleus and the tegmentum of the pons or midbrain. Other brain regions were not affected in any patient. The thalamic lesions were enhanced by contrast materials in 27% of the patients.
During the first week of illness, the thalamic lesions became mottled, and the cerebral white matter lesions became more hypodense. During subsequent weeks, the thalamic and infratentorial lesions became smaller and the cerebrum more atrophic. Five Magnetic resonance imaging studies were performed in the more recent cases (three patients in group A and 11 patients in group B).'3 16 Although low signal intensity of the lesions was found on TI weighted images and high intensity on T2 weighted images, the thalamic lesions in all patients included areas of high signal intensity on both T1 and T2 weighted images (fig 2) . In two patients, the high intensity had consisted solely of minute dots during the initial two to four days but became larger and coalescent during subsequent weeks.23 In the other patients, an oval area of high intensity in the centre and a ring like zone of high intensity along the margin were prominent as early as the first week of illness. 19 T'he thalami and basal ganglia showed softening, microcavitation, or brown discoloration.
T'here were multiple cystic lesions in the periventricular white matter of the cerebrum ( fig 4A) . In the brainstem of this patient, considerable atrophy of the tegmentum was present at both the mesencephalic and pontine levels. 
